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Sublethal toxicityAbstract This study aimed to evaluate the median lethal concentration (LC50), acute (24 and 96 h)
and sublethal (35 d) effects of deltamethrin, a synthetic pyrethroid pesticide on hormonal and enzy-
mological responses in an Indian major carp, Labeo rohita. In this study, the LC50 values of delta-
methrin for 24 and 96 h were found to be 0.438 and 0.38 mg L––1, respectively. During acute
(0.438 mg L1) and sublethal (1/10th of 24 h LC50 value, 0.0438 mg L
1) studies, plasma cortisol
and prolactin levels were signiﬁcantly increased (p< 0.05). When compared with the control group,
a signiﬁcant (p< 0.05) increase in alkaline phosphatase (ALP) activity was observed in liver and
kidney of ﬁsh treated with deltamethrin. However, a signiﬁcant decrease in the activity of acid phos-
phatase (ACP) was observed in liver and kidney of deltamethrin exposed ﬁsh. In addition, cholines-
terase (ChE) activity was signiﬁcantly (p< 0.05) decreased in the plasma of ﬁsh exposed to both
acute and sublethal concentrations of deltamethrin. These results suggest that the tested concentra-
tions of deltamethrin could have signiﬁcant adverse effects on the hormonal and enzymological
parameters of ﬁsh L. rohita. The alterations of these parameters can be effectively used to monitor
the impact of deltamethrin in aquatic ecosystem.
ª 2015 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Worldwide, pesticides have been extensively used to increase a
variety of agricultural products by controlling the harmful tar-
get organisms such as insects, weeds, mollusks, harmful bacte-
ria and viruses. Among the different types of pesticides,
pyrethroids classes of insecticides are widely used in many
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Deltamethrin ((S)-a-cyano-3-phenoxybenzyl, (1R)-cis-3-(2,2-
dibromovinyl)-2,2 dimethyl-cyclopropane carboxylate) a
synthetic type II pyrethroid insecticide, is widely used in agri-
culture and forestry against a broad spectrum of insect pests
(Mueller-Beilschmidt, 1990; Velı´sˇek et al., 2007; Marques
et al., 2014) due to their short biodegradation period and
low tendency to accumulate in organisms (Laskowski, 2002).
In addition, it has been used as an alternative pesticide for
the topical control of ectoparasites in cattle, sheep and poultry
in animal health (Whyte et al., 2014). However, due to over
usage, these pesticides ultimately ﬁnd their way into aquatic
environment either via transfer of the chemicals from soil or
directly by spraying against target organisms. In general pyre-
throid insecticides like deltamethrin have a short half-life, low
water solubility, strong adsorption to soil and sediments and
are readily metabolized (WHO, 1990; Srivastava et al., 1997).
However, in ﬁsh the deﬁciency of enzymes for the hydrolysis
of pyrethroids and the high rate of absorption of these insecti-
cides through gills makes these insecticides highly susceptible
to ecosystem toxicity (Haya, 1989; Sayeed et al., 2003).
Pyrethroids act mainly on the voltage-dependent Na+ chan-
nels of the nerve cell membrane and induce the toxicity
(Oliveira et al., 2012). In addition the oxidative stress caused
by the deltamethrin also induces toxic effects in the physiolog-
ical system of ﬁsh (Velisek et al., 2006; Yonar and Sakin,
2011).
Any environmental disturbance can be considered to be a
potential source of stress, and can be detected by changes of
hormone concentrations in plasma (Donaldson, 1981). In this
case, cortisol, the end product of hypothalamus-pituitary-inter
renal (HPI) axis in ﬁsh (Poursaeid et al., 2015) is released in
response to the adrenocorticotropic hormone (ACTH)
(Ortun˜o et al., 2002). This glucocorticoid hormone plays a
major regulatory role in normal metabolism (Prosser, 1985)
and also it is a classical plasma indicator of stress (Pickering
and Pottinger, 1989). Likewise, plasma prolactin, a multifunc-
tional polypeptide hormone is the main osmoregulatory hor-
mone in ﬁsh, maintaining the plasma electrolytes levels by
controlling permeability of the gill epithelium (Clarke and
Bern, 1980; Whittington and Wilson, 2013). Similarly enzyme
activities are extensively used as sensitive biochemical indica-
tors before hazardous effects occur in aquatic organisms.
Phosphatases play a major role in the regulation of various
metabolic processes and changes in acid and alkaline phos-
phatases activities in ﬁsh can be used as indices of growth, ill-
ness and spawning (Goldemberg et al., 1987; Matusiewicz and
Dabrowski, 1996) and also early warning of sensitive stress
indicators. Cholinesterases act on the nervous systems of ﬁsh
and their measurement is extensively used as a marker of expo-
sure to many xenobiotics (Whitacre and Nunes, 2011).
In India deltamethrin is widely used to control stored grain
pests (Parvez and Raisuddin, 2006), pests in tea plantations
(Gurusubramanian et al., 2008), ticks (Sharma et al., 2012)
and as an alternative pesticide for the control of malaria
(Yadav et al., 2001). Consequently it is important to assess
the toxicity of deltamethrin in aquatic organisms. Although
many studies have been conducted to assess the toxicity of del-
tamethrin in ﬁsh (Sener Ural and Sag˘lam, 2005; El-Sayed
et al., 2007; Sapana Devi and Gupta, 2014) information on
acute and sublethal effects of deltamethrin on hormonal andenzymological parameters of Indian major carps such as
Labeo rohita is scanty. The ﬁsh L. rohita is an economically
important ﬁsh species and is cultured in many natural aquatic
habits of India especially very close to the agricultural areas.
Moreover, L. rohita is the most preferred species and com-
mands a higher price in the market of India when compared
to other aquaculture ﬁsh species.
Materials and methods
Fish and pesticide
A static bioassay method was chosen considering the limita-
tions of the laboratory facilities (APHA, 1998). The experi-
mental ﬁsh, L. rohita (average length: 7.5 ± 0.5 cm and
weight: 6.5 ± 0.5 g) were obtained from Tamil Nadu
Fisheries Development Corporation Limited, Aliyar Fish
Farm, Tamil Nadu, India. The ﬁsh were acclimatized to labo-
ratory conditions for 15 days in a large tank (1000 L capacity)
and fed ad libitum with rice bran and groundnut oil cake in the
form of dough once in daily. Water was renewed (one-third)
daily to avoid accumulation and contamination of excretory
materials. During acclimatization, the ﬁsh stock was main-
tained at natural photoperiod and ambient temperature. Tap
water free from chlorine was used in the present experiments
and the physico–chemical characteristics of the water were
analyzed following the method of APHA (1998) and found
as follows, temperature (29.4 ± 13 C), pH (7.2 ± 0.02), dis-
solved oxygen (6.4 ± 0.04 mg L1), total alkalinity
(17.6 ± 8.0 mg L1), total hardness (16.4 ± 0.5 mg L1) and
salinity (0.5 ± 0.02&). Deltamethrin (25% EC), a technical
grade broad spectrum insecticide manufactured by Bayer
Crop Science Ltd., Gujarat, India was taken for evaluation
of its toxicity.
Determination of LC50 for 24 and 96 h
Preliminary toxicity tests were carried out to ﬁnd out median
lethal tolerance limit of ﬁsh to deltamethrin for 24 h. For
determining LC50 concentration, eight circular plastic tubs of
20 L capacity were used, 10 ﬁsh were introduced in each tub
with 20 L of water in each which already received different
concentrations of deltamethrin (0.1, 0.2, 0.3, 0.4, 0.5. 0.6, 0.7
and 0.8 mg L1) for 24 h treatment. Tubs with 20 L of water
with 20 ﬁsh each were also kept simultaneously as control.
The mortality/survival of ﬁsh in the experimental tubs was
recorded after 24 h. The concentration at which 50% kill of
ﬁsh occurred after 24 h treatment was taken as the median
lethal concentration (LC50) for 24 h. The median lethal con-
centration was arrived after conducting ﬁve such preliminary
toxicity tests. Similarly for 96 h treatment, appropriate delta-
methrin concentration ranges were used to get the respective
LC50 value. LC50 for 24 h and 96 h were calculated by probit
analysis method of Finney (1978).
Acute toxicity study for 24 h
For the determination of acute deltamethrin toxicity study,
ﬁve circular plastic tubs with 50 L capacity were taken and
each was ﬁlled with 40 L of dechlorinated tap water. Then,
60 L. Suvetha et al.LC50 24 h concentration of deltamethrin (0.438 ppm) was
added to all the tubs and mixed well. 20 healthy ﬁsh from
the stock which were already withheld from feeding for 48 h
were introduced into each tub. Simultaneously, concurrent
control of 20 ﬁsh in ﬁve different circular plastic tubs was also
maintained under identical conditions. At the end of 24 h, ﬁsh
from the control and deltamethrin treated groups were taken
for further analyses.
Sublethal toxicity study for 35 days
For sublethal studies, ﬁve well cleaned glass aquaria of 125 L
capacity were taken and ﬁlled with 100 L of water and 50 ﬁsh
which were randomly selected from the stock was transferred
into the aquaria. Then, 1/10th of 24 h-LC50 concentration of
deltamethrin (0.0438 ppm) was taken according to Sprague
(1971) and added to each aquarium. Five similar replicates
were maintained for control groups. During the study period,
water was changed daily in order to avoid accumulation of
fecal matter and excess feed and renewed with the toxicant.
Experiment was conducted for a period of 35 days with 7 d
sampling frequency. Upon completion of the stipulated expo-
sure period of 7, 14, 21, 28 and 35 d, 20 ﬁsh were randomly
selected from control and deltamethrin treated glass aquarium
and sacriﬁced without anesthetizing for further analysis. After
removal of ﬁsh at various intervals of time, the volume of the
control and deltamethrin treated glass aquarium were adjusted
to maintain a constant density of ﬁsh per unit volume of water.
Sample collection: plasma, liver and kidney
Blood was collected from control and deltamethrin treated
groups by cardiac puncture. Plastic disposable syringe ﬁtted
with 26 gauge needle which was already moistured with hep-
arin was used. The collected blood was expelled into separate
heparinized plastic vials and kept immediately on ice. The
whole blood was centrifuged for 15 min. at 10,000 rpm and
plasma was withdrawn and transferred into clean vials for fur-
ther analysis viz., hormonal (cortisol and prolactin) and enzy-
mological (ALP and ChE) studies. Further, after drawing the
blood, ﬁsh were washed with double distilled water and blotted
dry with absorbent paper. Fish were cut open and liver and
kidney were removed for the estimation of ACP activity.
100 mg of organs (liver and kidney) were weighed and homog-
enized with 2.5 ml of 0.25 M (21.4 of sucrose in 250 ml of dis-
tilled water) sucrose solution in ice cold condition (Hogeboom
et al., 1952). The homogenates were centrifuged for 10 min at
5000 rpm and the clear supernatant ﬂuids were taken and
retained for ACP activity.
Hormonal and enzymological assays
Cortisol was estimated quantitatively by direct solid phase
enzyme immunoassay following the method of Tietz (1986)
using EIA gen and prolactin was estimated quantitatively by
enzyme immunoassay method of Engvall (1980) and Uotila
et al. (1981). ACP activity was estimated by King and
Jegatheesan (1959) and ALP activity was assessed by Kind
and King (1954) method. ChE activity was studied following
the method of King (1984).Statistical analysis
The data were analyzed statistically at p< 0.05. The signiﬁ-
cance of sample means between control and deltamethrin trea-
ted ﬁsh was tested using student’s ‘t’ test for acute studies. For
sublethal studies, all values were expressed as means and ana-
lyzed by analysis of variance (ANOVA), followed by a Duncan
multiple range test (DMRT) to determine the signiﬁcant differ-
ences (p< 0.05) among the treatments and periods, and
between the treatments and periods on each parameters.
Results
Aquatic toxicity tests are commonly used to evaluate potential
toxicological effects of chemicals on aquatic organisms and
also to monitor the water quality (Brugs et al., 1977). In this
study, marked behavioral changes such as erratic jumping
movement, loss of movement coordination, hyperactivity,
increased gill mucus secretion were observed in L. rohita dur-
ing acute treatments. The behavioral changes observed in this
study coincide with the work of El-Sayed et al. (2007) and
Velı´sˇek et al. (2007).
Hormone assay: plasma cortisol and prolactin levels
In acute treatment, both cortisol and prolactin registered
38.77% and 67.40% increase over that of their controls,
respectively (Table 1). In sublethal treatment plasma cortisol
level was found to be increased in deltamethrin treated ﬁsh
throughout the study period when compared with the control
groups (p< 0.05) (Table 2). Similarly, ﬁsh exposed to delta-
methrin showed a signiﬁcant increase in prolactin level
throughout the study period when compared with the control
groups (Table 2). A signiﬁcant (p< 0.05) difference in plasma
cortisol and prolactin was found among the treatments and
periods, and between the treatments and periods.
Enzymological studies: ACP, ALP and ChE activity
A signiﬁcant decrease in ACP activity was observed in both
liver and kidney of L. rohita acutely exposed to deltamethrin
when compared to their corresponding control groups showing
a per cent decrease of 35.74 and 20.78, respectively (Table 1).
In contrast, ALP activity in plasma was signiﬁcantly increased
showing a percent increase of 20.25 at the end of 24 h when
compared to control groups. Plasma ChE activity was found
to be decreased in deltamethrin treated ﬁsh at the end of
24 h treatment (Table 1). In this study, statistical analyses indi-
cate that all the values were signiﬁcant at 5% level (Table 1). In
sublethal treatment, the activity of ACP in liver and kidney of
ﬁsh L. rohita exposed to deltamethrin was found to be
decreased throughout the study period (35 d) (Table 3).
However, a ﬂuctuation of ACP activity was observed both in
liver and kidney. In liver a maximum percent inhibition
(57.67) of ACP activity was observed on day 21 whereas in kid-
ney it was observed on day 14.
ALP activity in the plasma of control and deltamethrin
exposed groups is presented in Table 4. Signiﬁcant increase
in ALP activity was observed in plasma of ﬁsh exposed to del-
tamethrin for a period of 35 d. The increase was 15.33%,
Table 1 Changes in the hormonal and enzymological parameters in an Indian major carp L. rohita treated with acute concentration of
deltamethrin (0.438 mg L1) for the period of 24 h.
Parameters Control Experiment Percent change
Hormones
Plasma cortisol (ng/ml) 49.00 ± 2.222 68.00 ± 0.014* +38.77
Plasma prolactin (ng/ml) 1.35 ± 0.006 2.26 ± 0.008* +67.40
Enzymes
ACP in liver (KA units) 2.213 ± 0.001 1.422 ± 0.020* 35.74
ACP in kidney (KA units) 3.680 ± 0.024 2.915 ± 0.001* 20.78
Plasma ALP (U/l) 196.4 ± 0.524 236.21 ± 0.373* +20.25
Plasma ChE (U/L) 54.61 ± 0.828 52.25 ± 0.586* 43.21
Values are mean ± S.E. of ﬁve individual observations. (+) Denotes percent increase and () denotes percent decrease over control.
* Signiﬁcant at 5% level.
Table 2 Changes in the plasma cortisol and prolactin levels in an Indian major carp L. rohita treated with sublethal concentration of
deltamethrin (0.0438 mg L1) for the period of 35 d.
Exposure period (in days) Plasma cortisol (ng/ml) Plasma prolactin (ng/ml)
Control Experiment Percent change Control Change Percent
7 49 ± 0.509a 52 ± 0.509b +6.122 1.35 ± 0.010a 1.38 ± 0.009e +2.222
14 48 ± 1.077a 55 ± 0.509b +14.58 1.36 ± 0.013a 1.52 ± 0.038d +11.76
21 47 ± 0.374a 61 ± 0.927a +29.78 1.34 ± 0.013a 1.85 ± 0.007c +38.05
28 45 ± 1.019a 65 ± 1.029a +44.44 1.37 ± 0.005a 2.30 ± 0.036b +67.88
35 46 ± 0.707a 66 ± 0.707a +43.47 1.33 ± 0.008a 2.40 ± 0.08a +80.45
Treatment (T, F1,40) 120.11
** 1354.54**
Period (P, F4,40) 2.14
** 198.35**
T x P (F4,40) 6.24
** 202.27**
Values are mean ± S.E. of ﬁve individual observations. (+) Denotes percent increase over control.
Means in a column bearing same letter do not differ signiﬁcantly according to DMRT (p< 0.05).
** Signiﬁcant at 5% level.
Table 3 Changes in ACP activity in liver and kidney of an Indian major carp L. rohita treated with sublethal concentration of
deltamethrin (0.0438 mg L1) for the period of 35 d.
Exposure period (in days) ACP activity in liver (KA units) ACP activity in kidney (KA units)
Control Experiment Percent change Control Experiment change Percent
7 2.001 ± 0.016d 1.0502 ± 0.036c 47.51 3.733 ± 0.046a 1.022 ± 0.015b 72.62
14 2.213 ± 0.017c 1.110 ± 0.007c 49.84 3.634 ± 0.015a 0.558 ± 0.009c 84.62
21 2.287 ± 0.014b 0.967 ± 0.220d 57.67 3.661 ± 0.009a 1.187 ± 0.009b 67.57
28 2.332 ± 0.011ab 1.371 ± 0.032b 41.20 3.644 ± 0.006a 2.505 ± 0.042a 31.25
35 2.369 ± 0.022a 1.479 ± 0.097a 37.54 3.680 ± 0.003a 12.356 ± 0.016a 35.97
Treatment (T, F1,40) 5249.26
** 2193.67**
Period (P, F4,40) 104.48
** 41.65**
T x P (F4,40) 28.44
** 43.28**
Values are mean ± S.E. of ﬁve individual observations. () Denotes percent decrease over control.
Means in a column bearing same letter do not differ signiﬁcantly according to DMRT (p< 0.05).
** Signiﬁcant at 5% level.
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values on 7, 14, 21, 28 and 35 d respectively (Table 4). Changes
in the plasma ChE activity of ﬁsh exposed to sublethal concen-
tration of deltamethrin are shown in Table 4. The enzyme
activity was found to be decreased in deltamethrin treated ﬁsh
throughout the study period when compared with the control
groups (p< 0.05) (Table 4). In this study, a maximum percent
decrease of 75.76 was noted at the end of 21st day). Asigniﬁcant (p< 0.05) difference in ACP, ALP and ChE activ-
ities was found among the treatments and periods, and
between the treatments and periods.
Discussion
Aquatic toxicity tests are commonly used to evaluate potential
toxicological effects of chemicals on aquatic organisms and
Table 4 Changes in the plasma ALP and ChE activity in an Indian major carp L. rohita treated with sublethal concentration of
deltamethrin (0.0438 mg L1) for the period of 35 d.
Exposure period (in days) ALP activity in plasma (U/l) ChE activity in plasma (U/L)
Control Experiment Percent change Control Experiment Percent change
7 97.80 ± 0.511a 113.95 ± 2.642c +15.33 53.68 ± 8.691a 32.46 ± 3.007bc 39.53
14 96.42 ± 0.500a 120.07 ± 4.961c +24.52 55.06 ± 7.141a 28.79 ± 1.528c 47.71
21 92.25 ± 0.445a 108.50 ± 3.233c +17.61 48.43 ± 1.988a 17.09 ± 2.057c 75.76
28 94.17 ± 0.016a 160.45 ± 4.748b +70.38 52.40 ± 4.866a 24.25 ± 1.563c 53.72
35 95.12 ± 0.005a 183.21 ± 0.765a +92.60 52.40 ± 4.866a 42.78 ± 3.909ab 18.35
Treatment (T, F1,40) 170.95
** 14.60**
Period (P, F4,40) 19.53
** 4.22**
T x P (F4,40) 22.00
** 3.11**
Values are mean ± S.E. of ﬁve individual observations. (+) Denotes percent increase over control.
Means in a column bearing same letter do not differ signiﬁcantly according to DMRT (p< 0.05).
** Signiﬁcant at 5% level.
62 L. Suvetha et al.also to monitor the water quality (Brugs et al., 1977).
Generally, bioassay studies are accepted as standard methods
for assessing the toxicity of chemicals (APHA et al., 1985).
In the current study, the LC50 values of deltamethrin for
24 h and 96 h were found to be 0.438 and 0.38 mg L1, respec-
tively. In previous studies, the 96 h LC50 values of deltame-
thrin to Sarotherodon mossambica, Gambussia afﬁnis, and
Oncorhynchus mykiss were in the range of 0.50 and
1.97 lg L1 (Bradbnury and Coats, 1989). According to
WHO (1990), the 96 h LC50 of deltamethrin to ﬁsh is ranging
between 0.4 and 2.0 g L1. Svobodova et al. (2003) determined
96 h LC50 value for Cyprinus carpio as 0.058 lg L
1. On the
other hand, 24 h LC50 value of deltamethrin was
0.015 lg L1 in Clarias gariepinus (Datta and Kaviraj, 2003)
and 0.016 ppm in Poecilia reticulata (Mittal et al., 1994). In
general, the LC50 value varies with respect to species and size
of ﬁsh. Deltamethrin induce toxic effect in ﬁsh through their
high rate of gill absorption, lipophilicity and deﬁciency in the
ﬁsh enzyme system to hydrolyze pyrethroids (Viran et al.,
2003). Moreover, these insecticides act mainly on the
voltage-dependent Na+ channels of the nerve cell membrane
and induce the toxicity (Yonar and Sakin, 2011).
Many ﬁsh species respond to stress by elevation of circu-
lating catecholamines and corticosteroids (Barton and
Iwama, 1991; Wendelaar Bonga, 1997). Plasma cortisol, a
major circulating adrenocortical steroid in ﬁsh is widely used
as a primary response to stressors (Sepici-Dincel et al., 2009).
The results of this study showed signiﬁcant increase in plasma
cortisol levels in both acute and sublethal treatments. Similar
to our results, cortisol level was raised in O. mykiss (Bisson
and Hontela, 2002) and Salmo salar exposed to atrazine
(Waring and Moore, 2004), Rhamdia quelen exposed to atra-
zine, simazine and glyphosate (Cericato et al., 2008), C. car-
pio treated with cyﬂuthrin (Sepici-Dincel et al., 2009) and
Sarotherodon mossambicus treated with endosulfan
(Thangavel et al., 2010). Previous reports suggest that an
increase in plasma cortisol level is a stress response of
increased carbohydrate metabolism in ﬁsh (Nackano and
Tomlinson, 1967; Donaldson and Dye, 1975; Fu et al.,
1989; Bisson and Hontela, 2002) since cortisol plays a func-
tional role in mobilizing energy in ﬁsh (Caruso et al.,
2012). The elevation of cortisol on acute exposures may helpthe ﬁsh to cope with the toxic effect by maintaining home-
ostasis of osmo ionic balance and other physiological activi-
ties (Mishra and Mohanty, 2009). The role of cortisol on
hydromineral balance is well known (Wendelaar Bonga,
1997). Generally, on exposure to an acute stressor, cortisol
levels rise; returning to control levels after a few hours, or
can remain elevated in the case of chronic stress (Nolan
et al., 2003). Bennett and Wolke (1987) reported that the ele-
vation of serum cortisol concentrations in Salmo gairdneri
following 30 days of chronic sublethal endrin exposure indi-
cate the failure of the ﬁsh to adapt to endrin stress. In the
present study the signiﬁcant increase in plasma cortisol level
during acute and sublethal treatment might have resulted
from osmo-regulatory dysfunction, aiming to restore the
hydromineral balance (Cericato et al., 2008). In ﬁsh and
amphibians, the major role of prolactin is in maintaining
ionic and water balance in fresh water (Clarke and Bern,
1980). The available data on the prolactin activity in ﬁsh
under pesticide stress are meager (Cericato et al., 2008).
Similar to cortisol, plasma prolactin level was also signiﬁ-
cantly increased in both exposures which agree with the
reports found in Oncorhynchus kisutch (Avella et al., 1991),
Oreochromis niloticus (Auperin et al., 1997) and S. mossambi-
cus (Thangavel et al., 2010). It might have resulted from the
adaptive responses of the ﬁsh to overcome the alterations in
the hydromineral metabolism of the ﬁsh body under pesticide
stress ((Avella et al., 1991; Auperin et al., 1997; Thangavel
et al., 2010).
Evaluation of enzyme activities in ﬁsh are widely used to
monitor the presence of toxicant in water and also as sensitive
biochemical indicators before hazardous effects occur (El-
Demerdash and Elagamy, 1999; Gul et al., 2004). The enzyme
acid phosphatase is a lysosomal enzyme that hydrolyzes the
phospho-esters in acidic medium (Agrahari and Gopal, 2009)
and possesses different properties in distinct biological materi-
als (Sarsiek et al., 2005). Similarly, alkaline phosphatase cat-
alyzes dephosphorylation of many molecules at alkaline pH.
In this study, a signiﬁcant decrease in the levels of ACP in both
liver and kidney of L. rohita exposed to acute and sublethal
treatments of deltamethrin might have resulted from the
increase of glycogenolysis or damage in the kidney and liver
(Saha and Kaviraj, 2009; Adeyemi et al., 2010). To support
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phological changes in the liver of gilthead sea bream (Sparus
aurata L.) upon exposure to deltamethrin. Typically, an
increased level of ALP activity in blood plasma is an indicator
of hepatic tissue damage, kidney dysfunction and bone disease
(Ram and Sathyanesan, 1987; Barse et al., 2006). In the pre-
sent study, a signiﬁcant higher level of plasma ALP activity
in L. rohita may be due to damage in the tissues of liver and
kidney and an increase in the lysosomal mobilization by delta-
methrin toxicity (Rao, 2006b). The increased level of ALP
activity coincides with the work of El-Sayed and Saad (2008)
in O. niloticus exposed to deltamethrin. Further, Cengiz and
Unlu (2006) conﬁrmed that the exposure of deltamethrin was
induced histopathological effects in G. afﬁnis.
Many reports envisage that ChE is widely used as a poten-
tial biomarker for neurotoxicity in aquatic organisms including
ﬁsh against pesticides (NRCC, 1986; Gaglani and Bocquene,
2000; Moreira and Guilhermino, 2005). Some studies have
shown that pyrethroids may have secondary effects on the
cholinergic system, particularly on AChE activity (Velı´sˇek
et al., 2007; Badiou and Belzunces, 2008). In both acute and
sublethal studies, signiﬁcant decrease in ChE activity was
observed in L. rohita exposed to deltamethrin. Similarly to this,
previous reports on molinate treated Anguilla anguilla (Sancho
et al., 2000), carbofuran exposed Gambusia yucatana (Rendon-
Von Osten et al., 2005), aldicarb treated Danio rerio (Kuster
and Altenburger, 2007), diazinon exposed C. gariepinus
(Adedeji, 2010) showed a signiﬁcant inhibition in the ChE
activity. Further, our results are in agreement with the report
of Balint et al. (1995) and Velı´sˇek et al. (2007) suggested that
deltamethrin lowered the ChE activity in C. carpio and O.
mykiss, respectively. In general, synthetic pyrethroids are neu-
ropoisons and can act on the axons in the peripheral and cen-
tral nervous system by interacting with sodium channels
(Sepici-Dincel et al., 2009). Collectively, the results of this study
support that deltamethrin is as an effective ChE inhibitor.
Conclusion
The result of this study concludes that the exposure of L.
rohita to acute and sublethal concentrations of deltamethrin
has signiﬁcantly altered the hormonal (cortisol and prolactin)
and enzymological (ACP, ALP and ChE) responses. The pre-
sent study reports that deltamethrin is a highly toxic pesticide
to L. rohita and presence of deltamethrin even at very low con-
centrations in the aquatic environments may cause harmful
effects on aquatic organisms. The parameters studied in this
study could be used as potential biomarkers in assessing toxic
effects of deltamethrin and also other pesticides. The ﬁndings
of the present study can ascertain a safer level of these insecti-
cides in the aquatic environment and protection of aquatic
habitants.
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